Introduction {#s1}
============

Hypertension is an important predictive or predisposing factor for future cardiovascular (CV) events \[[@R01], [@R02]\]. Guidelines have proposed the target blood pressure (BP) according to the patient's risk profile, and the combination therapy with 2 or more antihypertensive agents is recommended when the target BP cannot be achieved with single use of either agent \[[@R03]\]. For better adherence to the antihypertensive drug regimen, the fixed-dose combination (FDC) of angiotensin receptor blocker (ARB) either with diuretic or calcium channel blocker (CCB) has been recently introduced.

The out-of-office BP is superior to the office BP to predict CV events in hypertensive patients and general population \[[@R06]\], and especially the nighttime BP level determined by ambulatory blood pressure monitoring (ABPM) is associated with target organ damage and its regression \[[@R09]\]. However, how the ARB-based FDC affects the circadian BP variation in hypertensive patients in the real-world practice remains to be determined, and few studies have investigated what kind of clinical factors contribute to the BP-lowering effect.

To clarify the BP-lowering effect of the FDC of 50 mg of losartan, an ARB, and low dose (12.5 mg) hydrochlorothiazide (HCTZ), we intended a multicenter prospective observational study (Investigation for Normalized Blood pressure control with the Appropriate medication: INBA), in which the circadian BP of hypertensive outpatients was sequentially evaluated by means of ABPM in the real-world practice.

Materials and Methods {#s2}
=====================

This study was conducted by Hokusoh Hypertension Study Group, composed with 20 general physicians' clinics in the Hokusoh community of Chiba prefecture Japan, from May 2008 to August 2010, and was approved by the Investigation Review Board of the Osaka Foundation for the Prevention of Cancer and Cardiovascular Diseases. All patients gave written informed consent for their participation.

Study population {#s2a}
----------------

Outpatient subjects with hypertension, who had not achieved the target BP proposed by the guideline of Japanese Society of Hypertension (JSH 2004) \[[@R10]\] despite antihypertensive medication for more than 4 weeks with any ARB but without diuretics, were enrolled. Exclusion criteria were followings; Age \< 20 or ≥ 80 years; malignant hypertension or diastolic BP (DBP) ≥ 110 mmHg; active (NYHA III or more) heart failure; severely impaired renal (serum creatinine ≥ 1.5 mg/dL) and/or liver function; recent (within 6 months) myocardial infarction; definite or probable pregnancy.

Protocol {#s2b}
--------

In all patients, the ARB which had been prescribed was switched to the FDC of 50 mg of losartan and 12.5 mg of HCTZ. Patients were instructed to take the FDC tablet once a day in the morning. Before and at 12 weeks after the commencement of the FDC, 24-hour ABPM was performed. Left ventricular ejection fraction was assessed with echocardiography at baseline period, and left ventricular hypertrophy was estimated with ECG according to the modified Sokolow-Lyon criteria \[[@R11]\]. Biochemical laboratory data (serum potassium, creatinine, and uric acid) and plasma B-type natriuretic peptide (BNP) were assessed before and at 12 weeks of the study. At each measurement, blood samples were obtained intravenously after overnight fasting. The estimated glomerular filtration rate (eGFR) was calculated according to the following equation presented by the Japanese Society of Nephrology \[[@R12]\]; eGFR (mL/min/1.73m^2^) = 194 × serum creatinine^-1.094^ × age^-0.287^ (× 0.739, if female).

ABPM {#s2c}
----

In each time, the ABPM device (TM 2030, A and D, Saitama, Japan) was equipped in the morning on a weekday and systolic/diastolic BP (SBP/DBP), and pulse rate were recorded by means of the oscillometric method every 30 minutes (6 am - 12 pm) or 60 minutes (12 pm - 6 am) for 24 hours. All ABPM data were analyzed at Nippon Medical School Chiba Hokusoh Hospital. Among all ABPM data, the first-hour measurement was not included in the analysis. The nighttime data was defined as the average of recordings while the patient stayed in the bed, based on the patient's behavior report, and the daytime data defined as the average of the remaining period. Nocturnal BP dipping (%) was defined as ((daytime SBP-nighttime SBP)/daytime SBP). Nocturnal minimum SBP and morning SBP were defined according to the method adopted by Kario et al \[[@R13]\]; Nocturnal minimum SBP: the average of 3 consecutive recordings centered on the lowest SBP during the nighttime. Morning SBP: the average of SBP data during the first 2 hours after leaving bed.

Statistical analysis {#s2d}
--------------------

Numerical values were expressed as the mean ± standard deviation. Serial changes in the ABPM parameters and laboratory data were assessed with paired t-test or the Wilcoxon test. The correlation between BP parameter changes during the 12-weeks study period and clinical parameters was analyzed with Spearman's test. Comparison of the BP reduction between subgroups stratified by body mass index (BMI) was made with unpaired t-test. Values of P \< 0.05 were regarded as being statistically significant.

Results {#s3}
=======

The baseline characteristics of the study subjects are shown in [Table 1](#T1){ref-type="table"}. The mean age was 66.0 years and 54% of subjects were male. Nearly half patients showed left ventricular hypertrophy on ECG. The most prevalent antihypertensive agent besides ARB was calcium channel blocker (CCB).

###### Baseline Characteristics of the Study Patients

  ----------------------------------------- ------------
  Gender (male %)                           54 (50%)
  Office BP, mmHg                           
    systolic                                158 ± 12
    diastolic                               82 ± 8
  Diabetes (%)                              20 (18%)
  Age, years                                66.0 ± 9.7
  Smoking (%)                               27 (25%)
  History of hypertension, years            6.5 ± 4.8
  Body mass index                           26.4 ± 3.7
  Left ventricular hypertrophy on ECG (%)   54 (50%)
  Left ventricular ejection fraction, %     69 ± 6
  BNP, pg/mL                                60 ± 61
  eGFR, mL/min/1.73m^2^                     73 ± 23
  Co-prescription                           
    Calcium channel blocker (%)             64 (59%)
    Statin (%)                              35 (32%)
  Previous ARB                              
    Losartan                                14
    Valsartan                               36
    Candesartan                             26
    Telmisartan                             22
    Olmesartan                              15
  ----------------------------------------- ------------

BP: blood pressure; BNP: B-type natriuretic peptide; eGFR: estimated glomerular filtration rate; ARB: angiotensin receptor blocker.

Successful recordings of ABPM both at baseline and 12 weeks were obtained in 109 patients. Both of day- and nighttime BP parameters significantly decreased after the 12 weeks treatment ([Table 2](#T2){ref-type="table"}) ([Fig. 1](#F1){ref-type="fig"}). Pulse rate did not change irrespective in the day and night time period. Systolic and diastolic BP reduction in the daytime after the switching to the FDC were 11.0 ± 13.7 mmHg and 5.7 ± 7.3 mmHg, respectively, and these values were comparable to the BP reduction in the nighttime (13.1 ± 15.0 mmHg and 5.8 ± 8.6 mmHg, respectively). At baseline, nocturnal SBP was lower than the daytime (8.5 ± 11.0%), and this dipping was preserved even at 12 weeks after (10.8 ± 8.8%). The minimum SBP during the nighttime and morning SBP significantly reduced after the 12 weeks treatment.

###### Sequential Change of Ambulatory Blood Pressure Monitoring (ABPM) Parameters and Laboratory Data

                                Baseline    12 weeks     P
  ----------------------------- ----------- ------------ ------------
  ABPM parameters;                                       
  Daytime                                                
    SBP, mmHg                   151 ± 14    140 ± 11     P \< 0.001
    DBP, mmHg                   88 ± 8      82 ± 8       P \< 0.001
    Pulse rate, /min            70 ± 7      71 ± 9       NS
  Nighttime                                              
    SBP, mmHg                   138 ± 18    125 ± 14     P \< 0.001
    DBP, mmHg                   78 ± 9      72 ± 9       P \< 0.001
    Pulse rate, /min            60 ± 8      61 ± 8       NS
  Nocturnal SBP dipping, %      8.5 ± 11    10.8 ± 8.8   P \< 0.1
  Nocturnal minimum SBP, mmHg   134 ± 18    117 ± 15     P \< 0.001
  Morning SBP, mmHg             156 ± 20    144 ± 15     P \< 0.001
  Laboratory data                                        
    Serum potassium, mEq/L      4.3 ± 0.4   4.1 ± 0.4    P \< 0.001
    Serum UA, mg/dL             5.7 ± 1.1   5.6 ± 0.9    NS
    eGFR, ml/min/1.73m^2^       73 ± 23     69 ± 18      P \< 0.1
    Plasma BNP, pg/mL           60 ± 61     38 ± 30      P \< 0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure; UA, uric acid; eGFR, estimated glomerular filtration rate; BNP, B-type natriuretic peptide.

![Individual plot of mean systolic blood pressure (SBP) at baseline and 12 weeks after the commencement of fixed-dose combination of losartan/hydrochlorothiazide; (A), daytime; (B), nighttime.](jocmr-06-08-g001){#F1}

Among various parameters (age, history of hypertension, BMI, serum potassium, uric acid, eGFR, plasma BNP), only BMI showed the significant negative correlation with 12-weeks reduction in nocturnal SBP ([Fig. 2](#F2){ref-type="fig"}). Patients with BMI more than or equal to the median (25.8 kg/m^2^) showed significantly greater reduction in SBP during nighttime than patients with BMI \< 25.8 (20.1 ± 15.6 mmHg vs 6.1 ± 10.9 mmHg, P \< 0.001) ([Fig. 3](#F3){ref-type="fig"}). Reduction in daytime SBP was, however, comparable between these two groups (8.9 ± 13.5 mmHg vs 11.9 ± 12.7 mmHg).

![Correlation of sequential change of systolic blood pressure (SBP) in the daytime (A) and nighttime (B) during 12 weeks of the study and baseline body mass index (BMI). A statistically significant correlation was observed between the nocturnal SBP change and BMI (r = -0.43, P \< 0.05).](jocmr-06-08-g002){#F2}

![Change of systolic blood pressure (SBP) in the daytime (A) and nighttime (B) during 12 weeks. Closed bar indicates patients with body mass index (BMI) ≥ 25.8 kg/m^2^, and open bar patients with BMI \< 25.8 kg/m^2^; \*, P \< 0.05 and \*\*, P \< 0.001 between the high and low BMI subgroups.](jocmr-06-08-g003){#F3}

In whole patients, there was no serious clinical event during the present study. With regard to the laboratory data, serum potassium significantly decreased after the 12 weeks treatment ([Table 2](#T2){ref-type="table"}) although this change was minor and within the physiological range. BNP significantly decreased after the 12 weeks treatment, however there was no significant change in uric acid and eGFR.

Discussion {#s4}
==========

In the present study, the administration of FDC of losartan/HCTZ lowered BP both in day- and nighttime in poorly controlled hypertensive patients treated with an ARB. Plasma BNP level decreased significantly during the study period, and there was no clinically meaningful change in serum electrolytes and uric acid levels, nor the renal function. Interestingly, BMI showed significant negative correlation with nocturnal SBP reduction. Hypertension is one of the most prevalent pathological states for general practitioners in outpatients' care \[[@R01]\]. The present findings provide an important implication for the application of the FDC, that is, this therapeutic regimen would elicit the largest benefit in the certain patient profile, namely obese hypertensive patients.

Rationale for the combination of renin-angiotensin system (RAS) inhibitor and diuretic {#s4a}
--------------------------------------------------------------------------------------

Pharmacological inhibition of RAS adopting angiotensin converting enzyme (ACE) inhibitors or ARB in hypertensive patients exhibits the consistent effects in the prevention of CV/cerebral events \[[@R14]\]. However, it is well known that in the 'low renin state' such as elderly people the BP-lowering effect of RAS inhibitors attenuates \[[@R15]\]. Thiazide is an antihypertensive drug that could efficiently lower BP particularly in salt-sensitive patients through the mechanism of natriuresis. In a landmark clinical trial using thiazide diuretic as the only antihypertensive agent, the substantial BP-lowering effect and the prevention of CV events was shown in patients with isolated systolic hypertension \[[@R16]\]. Uzu el al have reported that in diabetic patients the addition of diuretic to an ARB resulted in marked reduction in nocturnal BP compared with the monotherapy with valsartan \[[@R17]\]. It should be pointed out that, in the LIFE (Losartan Intervention For Endpoint reduction) study, a trial that investigated for stroke prevention of losartan, HCTZ was added to achieve proper BP values in more than 70% cases \[[@R18]\], implicating the superiority of combination of losartan/HCTZ but not the single use of losartan to atenolol-based regimen. The present finding that the addition of thiazide remarkably reduced the nocturnal BP in the obese subgroup is consistent with previous reports that diuretic exerted the potent BP-lowering effect in the salt-sensitive state \[[@R19]\].

On the other hand, it has been known that the administration of high dose thiazide diuretic exacerbates the risk of hypokalemia and hyperuricemia \[[@R20]\], despite the substantial BP-lowering effect, and that unfavorable outcomes such as sudden cardiac death might develop as a result of these metabolic derangements \[[@R21]\]. We should notice that thiazide could act as the 'enhancer' of antihypertensive power of RAS inhibition through the combination therapy with a RAS inhibitor rather than the monotherapy, and detrimental effects such as electrolytes imbalance and impaired insulin sensitivity can be canceled mutually by the combination. In this point, MacKay et al have indicated that the combination of losartan and HCTZ elicits BP-reduction synergistically through complementary mechanisms \[[@R22]\]. In our study, serum potassium level significantly decreased although this change was minor, and uric acid did not increase. This finding would be mediated via 1) augmented excretion of uric acid by losartan through inhibition of URAT1 \[[@R23]\], and 2) relatively low dose of HCTZ (12.5 mg) adopted in this study. Furthermore, plasma BNP exhibited significant reduction during the present study period, suggesting the attenuation of myocardial stress provided by the antihypertensive regimen with FDC of ARB and thiazide.

The importance of the nighttime BP in the clinical setting {#s4b}
----------------------------------------------------------

The noninvasive, automatic BP recording using the ABPM device has enabled the analysis of the circadian variation of BP in hypertensive patients \[[@R24]\]. Among several ABPM parameters, the nighttime or sleep-time BP elicits the more potent predictive power for future CV events compared with 24-hour average or the daytime BP not only in hypertensive patients but also in general population \[[@R06], [@R08]\]. It has been documented in a prospective trial \[[@R07]\] and the international database \[[@R25]\] that the elevation in nocturnal BP is linearly correlated with the risk of CV diseases. High value of the nighttime BP or attenuated decline of nocturnal BP (nondipper) is also associated with target organ damage such as left ventricular hypertrophy \[[@R26]\], silent cerebral damage \[[@R27]\], and microalbuminuria \[[@R28]\]. Hansen et al have shown through a meta-analysis including 23,856 hypertensive subjects that the hazard ratio associated with each 10-mmHg increase in nocturnal SBP were 1.16 and 1.19 for mortality and CV morbidity, respectively \[[@R29]\]. The etiology of the nocturnal hypertension is multifactorial; volume overload (heart failure and chronic kidney disease (CKD)), dysfunction of autonomic nervous system (diabetes), insulin resistance and augmented salt sensitivity (metabolic syndrome), and documented sleep apnea might be involved in the increase in nocturnal BP \[[@R30]\]. In CKD, sodium excretion during daytime is often diminished, and the nighttime BP is kept high for the compensatory sodium excretion through the pressure-dependent natriuresis \[[@R31]\]. Thus, target organ damage observed in patients with nocturnal hypertension is not merely the consequence of high pressure but the comorbidity (CKD) per se may contribute to nocturnal hypertension.

It has been explored whether the pharmacological intervention to restore the nighttime BP variation improves the prognosis. The HOPE (Heart Outcomes Prevention Evaluation) study has proved the prognostic effect of an ACE-inhibitor ramipril on CV morbidity and mortality in high risk hypertensive patients despite modest changes in office BP (-3/-2 mmHg in average SBP/DBP) \[[@R32]\], although in its ABPM substudy marked reduction in nocturnal BP (-17/-8 mmHg) was observed in ramipril group \[[@R33]\]. Furthermore, Hermida et al prospectively treated 3344 subjects for a median follow-up period of 5.6 years \[[@R34]\]. In that study, analysis of ABPM revealed that a 5-mmHg reduction in nocturnal SBP was associated with significant 17% attenuation in CV events, independent of changes in any other ABPM parameters. The BP reduction by 20 mmHg during nighttime observed in the present study could be translated to substantial benefit to prevent CV events and target organ damage.

The antihypertensive treatment with FDC regimen {#s4c}
-----------------------------------------------

To control BP in hypertensive patients, more than 2 antihypertensive agents of different class are often required. Multi-drug regimen, however, may compromise patients' adherence to the therapy and inflate socio-economic costs. The meta-analysis of the FDC clearly shows that the compliance significantly increase by 21% compared with 2 separate pills, and the BP-lowering and the incidence of adverse reactions tend to improve \[[@R35]\]. In previous studies that investigate the effects of the FDC of an ARB and thiazide diuretics have shown reduction in the nocturnal BP \[[@R36]\], urinary albumin excretion \[[@R37]\], and plasma BNP \[[@R38]\], all consistent with our findings. However, the present study is, as far as we know, the first report that investigates the association of the BP-lowering effect of the FDC and the patients' background, namely significant influence of obese.

CCB is another antihypertensive agent recommended in the guidelines, and is one of the most frequently prescribed drug for hypertension. In Japan at present, both types of the ARB-based FDC with diuretic or CCB are clinically available. The ACCOMPLISH (Avoiding Cardiovascular Events through Combination Therapy in Patients Living with Systolic Hypertension) trial has shown that, in high-risk patients with hypertension, the combination of an ACE inhibitor (benazepril) and a CCB (amlodipine) is superior to that of the ACE inhibitor and HCTZ for the prevention of vascular events \[[@R39]\], while in Japan which FDC regimen is better to attenuate the risks of target organ damage and CV events remains to be established. The present study showed that, at least in patients who have a clinical background of obesity, the FDC of the ARB and HCTZ elicited potent BP-lowering during nighttime.

Limitations of the study {#s4d}
------------------------

The present study has several limitations. First, this study is of the single arm design with relatively small size. But, the present study showed significant changes in ABPM parameters following the administration of the FDC of losartan/HCTZ, suggesting that this therapeutic regimen is beneficial for patients with poorly controlled hypertension. Which of CCB or thiazide is an appropriate counterpart of ARB to obtain the sufficient antihypertensive efficacy should be clarified in future trials. Second, mortality and morbidity are not evaluated in the present study. It should be emphasized, however, that this study intended to a therapeutic effect by means of ABPM parameters as the surrogate, and the present finding particularly in BP-lowering during nighttime would have a certain significance.

Conclusions {#s4e}
-----------

Switch to the FDC of losartan/HCTZ in poorly controlled hypertensive patients who had been treated with an ARB resulted in significant BP reduction during day- and nighttime. The BP reduction during nighttime was negatively correlated with BMI, and the present regimen would be a favorable therapeutic option for obese patients with poorly controlled hypertension.
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